International guidelines are frequently not implemented in the elderly population with heart failure (HF). This study determined the management of octogenarians with HF enrolled in Euro Heart Failure Survey II (EHFS II) (2004-05).
Introduction
Heart failure (HF) is associated with high mortality and prolonged and frequent hospitalizations and is responsible for a tremendous burden on health care systems. 1 The prevalence of this condition increases markedly with age. 2 Several surveys, including Euro
Heart Failure Survey I (EHFS I), 3 suggest that outcome is particularly poor in elderly patients 4 and that treatment is often complicated by the presence of multiple co-morbid factors. 4 -7 Moreover, evidence-based therapies are less frequently used and underdosage of recommended medications is constantly observed in the elderly. 8 -11 However, EHFS I 12 was performed in 2000-01
at a time when perception of guidelines for the management of HF was less developed than it is nowadays and this survey had a limited follow-up (FU) period of 12 weeks. The purpose of the current study was therefore to (i) analyse the clinical profile and the outcome of octogenarians enrolled in the Euro Heart Failure Survey II (EHFS II) over a 12 month period, and to (ii) see whether management of HF improved in this more contemporary context when compared with EHFS I. Methodology and primary results of the survey have been detailed elsewhere. 13 In brief, EHFS II recruited patients admitted with dyspnoea, and verification of HF based on the presence of symptoms and signs of HF and lung congestion on chest X-ray. Patients were classified by the investigator according to the guidelines on acute HF published by the ESC 14 as follows:
Methods
Decompensated HF, acute pulmonary oedema, cardiogenic shock, HF and hypertension, right HF. Clinical history, symptoms, signs, co-morbidities, standard biology, most recent echocardiographic data, and medications at admission and discharge were recorded (for details, see reference 13) .
For the conversion of haemoglobin (Hb) and creatinine measurements from SI units, the factors given by Kratz and Lewandrowski 15 were used. Anaemia was defined by the criteria of the World Health Organization 16 (Hb , 13 g/dL in men and ,12 g/dL in women, severe anaemia by Hb , 11.5 g/dL in men and ,10.5 g/dL in women). The glomerular filtration rate (GFR) was calculated according to the abbreviated MDRD formula. 17 Hypertension on admission was defined as systolic blood pressure .140 mmHg or diastolic blood pressure .90 mmHg. An assessment of preserved left ventricular systolic function was given by echocardiographic left ventricular ejection fraction (EF) .45%. This analysis included 3577 patients, 741 (21%) of these patients were 80 years and we compared their clinical profile, treatment, and mortality with younger patients (n ¼ 2836, 79%). In three subjects from the original EHFS II, date of birth was not available and therefore they were not included in the present study. We also examined the proportion of patients treated with high doses of ACE-I (defined as in EHFS I 3 by a daily dose of enalapril 20 mg, captopril 75 mg, ramipril 5 mg, perindopril 4 mg, lisinopril 20 mg, trandolapril 2 mg), high doses of ARB (defined by a daily dose of candesartan 16 mg, eprosartan 600 mg, irbesartan 300 mg, losartan 100 mg, valsartan 80 mg), and high doses of betablockers (defined by a daily dose of bisoprolol 5 mg, carvedilol 25 mg, metoprolol succinate 100 mg, atenolol 100 mg).
In the centres participating in the FU, 3178 hospital survivors were contacted at 3 months and 12 months post-inclusion. The vital status was ascertained for 2978 patients at median 100 days [inter-quartile range (IQR) 92-116] post-inclusion during the 3 month FU and for 2295 patients at median 372 days (IQR 361 -398) in the 1 year FU. Adverse events [death, myocardial infarction (MI), stroke, device implantation, rehospitalization] were recorded if they had occurred since the last contact. For deceased patients, the date of death was collected. The number of hospitalizations since the last contact, but not their exact dates, was collected. At 3 months, 51% of the patients were contacted by phone, 3% by written questionnaire, 27% in person, and for 19%, a hospital record was available. Information at 1 year was obtained by phone for 49%, by written questionnaire for 6%, by patient contact for 24%, and from hospital records for 21% of the patients. The current medication was recorded for 2464 patients within a period from 70 to 180 days post-inclusion and for 1773 patients between 300 and 540 days.
Statistical analysis
Absolute numbers and percentages are shown for categorical variables to describe the patient population, and medians with IQR for continuous variables. For descriptive purposes, binary variables were compared between subgroups by Pearson's x 2 test and continuous variables by the Mann -Whitney U test. These statistics were calculated for the available cases. Survival after discharge was estimated by the Kaplan -Meier method and compared between age groups by log-rank test. The cumulative incidence of the interval-censored major adverse clinical events (MACE: death, MI, or stroke) since admission was estimated by the product-limit method for the discrete time points discharge, 3 month FU, and 12 month FU. Rehospitalization rates were calculated as the number of rehospitalizations divided by person-months under observation, and rate ratios with 95% confidence intervals were estimated by the Poisson regression with additional dispersion parameter. In the octogenarians, predictors of in-hospital mortality were analysed by multiple logistic regression and predictors of 1 year mortality among the hospital survivors by Cox regression. The following variables were considered as potential predictors on the basis of clinical judgement and a P-value , 0.2 in the univariate comparisons: age, gender, body mass index, smoking; clinical classification; diabetes, chronic renal failure, and anaemia; precipitating conditions including acute coronary syndrome, ST-segment elevation myocardial infarction (STEMI), arrhythmias, valvular heart disease, and infection; on admission: somnolence or confusion, cold peripheral temperature, systolic blood pressure, and heart rate; serum creatinine, severe anaemia; EF and health status using the EuroQoL-5D. 18 Prescriptions of ACE-I/ARB, beta-blockers, and statins at discharge were entered into the models of 1 year mortality. The models were finalized regarding the results of stepwise selection procedures using significance levels of 0.1 for entry and 0.15 for removal. Finally, model variables without significant effect are left only for clinical reasons. The discrimination of the logistic regression model was assessed with the C-statistic and model calibration with the Hosmer -Lemeshow test. For predictive purposes, the model discrimination and the regression coefficients might be overestimated. In order to assess the predictive accuracy, the models were fitted to 200 bootstrap samples and the estimated coefficients applied to the original data set. Regression in the original sample with the resulting linear predictor as only explanatory variable yields a slope which can be regarded as a factor for shrinkage of the coefficients. 19 The difference between the C-statistics evaluated on the bootstrap sample and on the original sample, averaged over the 200 bootstrap replications, is an estimate of optimism, which can be subtracted from the apparent C-statistic in order to get a corrected value of the predictive discrimination. 20 Octogenarians from EHFS II (overall population and the subgroup with chronic HF and reduced EF) were compared with those from EHFS I, regarding these two surveys as independent crosssections. The development of drug prescriptions over time was assessed by calculating rates of continuation and discontinuation from admission to discharge, discharge to 3 months, and 3 months to 12 months. The development of the prescription rates was summarized by multiplying the matrices of these transition probabilities in order to avoid apparent changes in prevalence caused by mortality or drop-out. Table 1 . Women represented 56% of elderly patients vs. 34% in the younger group, P , 0.001. Octogenarians were less commonly referred to a cardiology department than younger subjects (78 vs. 85%, P , 0.001). New onset HF (de novo) was more frequently observed in older people. Similarly, atrial fibrillation/supraventricular tachycardia and hypertension were also more common in octogenarians. Co-morbidities including stroke/transient ischaemic attack, somnolence/confusion, renal dysfunction, anaemia, and chronic obstructive pulmonary disease (COPD) were more frequent in octogenarians, whereas diabetes was less common. Table 2 indicates lifestyle characteristics of the overall population. Older people were less likely to live in their own home, had more often walking disorders, self-care problems, and needed more often help by relatives or by assistance services than younger people.
Investigations
Renal function was significantly worse in octogenarians than in younger patients and the prevalence of severe renal dysfunction was increased (Table 3) . Similarly, anaemia and severe anaemia were more frequent in older people ( Table 1) . Echocardiography was less often performed in octogenarians. The proportion of patients with preserved EF (.45%) was higher in the older group. Overall, octogenarians had a higher EF than younger subjects and a smaller left ventricular end-diastolic diameter. During hospitalization, coronary angiography was less often performed in octogenarians.
Treatment
Comparison of heart failure therapy between octogenarian and younger subjects Treatment with ACE-I or ARBs, beta-blockers, and spironolactone at the time of discharge from hospital was less commonly prescribed in octogenarians than in younger patients ( Figure 1 ). The combination of ACE-I/ARB þ beta-blocker was less frequent in older people (42 vs. 55%, P , 0.001), and high doses of ACE-I/ ARBs and beta-blockers were less frequently prescribed (highdose ACE-I/ARB 30 vs. 12 vs. 18%, P , 0.001). Conversely, diuretic agents and calcium channel blockers (CCB) were more commonly prescribed to octogenarians (diuretics 93 vs. 89.5%, P , 0.05; CCB 18 vs. 14%, P , 0.01), whereas prescriptions of nitrates and digoxin were similar in both age groups. Anti-arrhythmic agents and lipid-lowering drugs were used less frequently in the older group (13 vs. 19%, P , 0.001 and 32 vs. 44%, P , 0.001, respectively). In the subgroup of octogenarians with low-EF (EF 45%), the use of ACE-I/ARBs (80 vs. 85%, P , 0.05), beta-blockers (60 vs. 69%, P , 0.01), combination ACE-I/ARBs þ beta-blockers (51 vs. 62.5%, P , 0.001), and aldosterone antagonists (48 vs. 58%, P , 0.01) remained lower than in younger subjects.
Comparison of heart failure therapy in EHFS II and EHFS I Table 4 shows a comparison of HF prescriptions between EHFS II and the previous EHFS I in the octogenarians. A significant increase in prescription rates of HF-recommended drugs at discharge was observed in EHFS II. This was shown for ACE-I/ARBs, betablockers, and aldosterone antagonists. High doses of ACE-I/ARB/ beta-blockers and the combination of ACE-I/ARBs with beta-blockers were also more frequently used in octogenarians in EHFS II than in EHFS I. Similar findings were observed in the subgroup of octogenarians with chronic HF and reduced EF (EF 45%) (Figure 2) . 
Prescription rates over time

Outcomes
In the overall population, 238 deaths were observed in-hospital, 263 at 3 months, and 319 between 3 and 12 months. During the whole period of observation, overall mortality was higher in the octogenarian group than in the younger group. This applied to in-hospital mortality (10.7 vs. 5.6%, P , 0.001), to 3 month mortality after discharge (13.5 vs. 6.8%, P , 0.001), as well as 12 month mortality after discharge (28.4 vs. 18.5%, P , 0.001) (Figure 4) . Similarly, MACE (death, stroke, and acute MI) were more frequent in the older group in hospital (12.9 vs. 9.2%, P , 0.01), at 3 months (27.0 vs. 17 
Predictors of death in octogenarians
We examined separately the factors predicting death in hospital and during FU in the octogenarian group. The validation procedures suggested that, for predictive purposes, the effects in the hospital mortality model may be overestimated by 15% and the adjusted value of the C-statistic would be 0.767; effects in the FU model may be overestimated by 30%. In-hospital mortality was independently associated with age, signs of low cardiac output/cardiogenic shock, STEMI, renal dysfunction, acute infection, and severe disability (confinement to bed) ( Table 5) . Age remained a strong independent predictor of 1 year mortality in octogenarians surviving at discharge, as well as disability (self-care problems) and co-morbid factors including diabetes and renal dysfunction ( Table 6) 
Discussion Clinical profile
We observed clinical differences between octogenarians and younger patients consistent with previous studies. 3,4,7,9 -11 Older subjects were more frequently women, had lower BMI, and higher blood pressure levels. As observed previously in EHFS-I, 3 the presence of co-morbidities (stroke, COPD, anaemia, renal dysfunction, and neurological disorders) was also more common in octogenarians, 3, 4, 7, 9 and the frequency of diabetes was lower in older patients. This may be related to the high mortality rate in patients with diabetes, reducing therefore the likelihood of survival until the age of 80 years. Atrial fibrillation was more often observed in the octogenarians 4,9 -11 and was Figure 4 Overall mortality after discharge according to age.
Heart failure management in the elderly present in half of the patients as in EHFS I. 3 Interestingly, new onset HF (de novo) was more frequently reported in the octogenarian group. To our knowledge, this has not been investigated in other studies. The reasons for the increased rate of de novo HF episode in the octogenarians might be related to the high frequency of preserved EF after 80 years.
Lifestyle
Our findings indicate a high rate of dependency and a low quality of life in elderly HF people. These results suggest a stronger decline in functional status in octogenarians with HF compared with those without HF. 21, 22 This increased disability was associated to a higher need for household assistance services in older persons. Overall, our results suggest that the elderly HF patients are very frail patients. Thus, there is room for improving daily care by multidisciplinary approaches in these patients.
Investigations
We observed a marked improvement in the rate of performance of echocardiography in octogenarians people compared with previous studies. In octogenarian patients, cardiac function was assessed twice more often in EHF II than in EHFS I. 3 These results can be explained by an improvement in health care quality over the past years or by the fact that more patients enrolled in EHFS II were referred to cardiology departments than in EHFS I. Nevertheless, assessment of cardiac function remained less common in older patients. Left ventricular EF was more frequently preserved in the older subjects as reported in other studies. 23, 24 Finally, coronary angiography was twice less often performed in octogenarians than in younger subjects. 25 This observation may be partly explained by the high rate of renal dysfunction and of co-morbidities in the older group.
Treatment
As observed previously, there was an underprescription of recommended HF medications, in the octogenarian patients enrolled in EHFS II. 3, 4, 7, 9, 26 The difference was mainly observed for betablockers and aldosterone antagonists, which are less often used in octogenarians. A number of factors related to patients (general condition, co-morbidities, poor tolerance) or to prescribers (lack of awareness of evidence-based guidelines, fear of side effects, focus on symptomatic improvement rather than on outcome) have been suggested to explain this situation. 27 However, a striking finding of our survey was the substantial increase in the rate of prescription of recommended medications at discharge when compared with the first European Survey. 3 This was observed in the overall HF population as well as in the subgroup with reduced EF. In this subset, the rate of prescription of ACE-I/ARBs was .80%, beta-blocker use was nearly doubled when compared with EHFS I, and half of the population received the combination. Finally, we observed a much higher rate of prescription of aldosterone antagonists than previously reported in EHFS I. Caution has been recommended in the use of this class in the very elderly because of the risk of potentially severe side effects in relation to the high prevalence of renal dysfunction. 28 It is likely that the inclusion criteria of the current survey, namely the context of acute/decompensated HF, played a role to explain this finding.
There was also an increase in the rate of prescription of recommended medications from admission to discharge, and, most importantly, the improvement in the rate of prescription was sustained over the 12 month FU period in survivors. Particularly, very little changes in drug therapy occur after hospital discharge. These results have been obtained also in other studies 29 and emphasize the major role of the early treatment initiation for the long-term HF therapy in the elderly. Overall, our results suggest an improvement in treatment modalities in the very elderly with HF. This might reflect the impact of the large dissemination of international guidelines and a better knowledge of the objectives of the treatment, particularly among cardiologists. 30 
Outcomes
Few studies have so far followed up cohorts of elderly patients over 80 years for 1 year after index hospitalization. In-hospital, 3 month and 12 month mortality rates were extremely high in the octogenarian population. The rate of major cardiovascular events observed during the FU period was also significantly increased. Our results also confirm that age appears as a strong and independent predictor of mortality in HF patients. 31, 32 Factors associated with mortality in hospital and during FU were different. In-hospital death was mainly related to acute clinical conditions, whereas long-term mortality was associated with disability 33 and the presence of co-morbidities such as diabetes and renal dysfunction. As reported previously, we showed that renal function is a strong predictor of both in-hospital and FU mortality, 34 whereas anaemia was not associated with poor outcome in octogenarians (as observed in EHFS I 3 ). Low EF, a strong predictor of mortality in younger population, 35 was not identified here as an independent factor in the octogenarian population, unlike the report from a recent national survey. 4 This finding may be due to the high prevalence of HF with preserved EF, and, indeed, only one-fifth of the available echo results showed an EF , 30%. The use of ACE-I or ARBs was associated with a better 1 year outcome. 36 -39 This finding is consistent with the previous EHFS I and suggests that ACE-I/ARBs should be used over 80 years in HF patients. The fact that prescription of beta-blockers was not associated to improvement in 1 year mortality in the overall population could be related to the high proportion of HF with preserved EF or to the fact that the limited size of the population taking this medication did not allow to show benefit. Surprisingly, we observed a higher rehospitalization rate in younger people. This might be due to the fact that octogenarians had a higher mortality during hospitalization. So the more severe patients were likely to die early, resulting in a competing risk.
Limitations
Our survey was an observational study conducted only in patients hospitalized with HF. Sites that volunteered for the study included a majority of cardiology departments. Therefore, the proportion of octogenarians referred to internal medicine wards was lower in the second survey when compared with the first one. This fact may partly explain the improvement in HF management observed here. It has been demonstrated in other studies that patients treated by cardiologists are more likely to receive HF-recommended drugs on admission and at discharge compared with patients treated by other physicians. 30 Our results are in line with these findings and suggest that cardiologists are more aware of and better apply the guidelines for HF therapy in the elderly. Moreover, the observed differences in HF prescriptions between the two surveys were not related to different frequencies of co-morbidities. Indeed, at discharge, the prevalence of renal dysfunction, COPD, stroke, and anaemia was similar in EHFS I and EHFS II. In our study, high disability was observed in HF octogenarians on the basis of self-related questionnaire but we did not record all co-morbid factors associated with ageing, and this might have resulted in an underestimate of the overall prevalence. Particularly, presence of dementia or cancer was not evaluated and could not be included in the predictive model of mortality. Moreover, no central laboratory was used for echocardiography assessment. Therefore, caution is needed in the interpretation of cardiac function.
The effect of treatments on outcome must be cautiously interpreted in the context of an observational study which was not designed to evaluate the impact of prescriptions on prognosis. Furthermore, the inclusion criteria used in EHFS II were partly different from those used in EHFS I, and patients were not exactly superimposable, but the clinical profile of the octogenarians was similar in the two surveys, particularly in terms of co-morbidities. Moreover, the diagnostic criteria used in the current survey were more robust than those of EHFS I, where patients with suspected or confirmed HF were included. Finally, the comparison of treatment modalities in the octogenarians in the two surveys showed an improvement not only in the overall population but also and more specially in the low-EF subgroup of patients, a domain where international guidelines are well established.
Conclusions
We report here a large cohort of octogenarian people with acute/ decompensated HF. Compared with younger patients, octogenarians had more co-morbidities and a higher mortality rate over 12 months of FU. Diagnostic procedures and medical management remain suboptimal but are improving when compared with the previous European survey.
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